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ABSTRACT
FRB 121102 was the first Fast Radio Burst (FRB) that was shown to repeat. Since its discovery
in 2012, more than two hundred bursts have been detected from the source. These bursts exhibit a
diverse range of spectral and temporal characteristics and many questions about their origin and form
remain unanswered. Here, we present a sample of radio bursts from FRB 121102 detected using the
Lovell telescope at Jodrell Bank Observatory. We show four examples of bursts that show peculiar
spectro-temporal characteristics and compare them with properties of bursts of FRB 121102 detected
at other observatories. We report on a precursor burst that is separated by just 17 ms from the main
burst, the shortest reported separation between two individual bursts to date. We also provide access
to data for all the detections of FRB 121102 in this campaign.
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SPECTRO-TEMPORAL ANALYSIS
The results presented here are from data taken over the last five years as a part of an FRB 121102 monitoring
program using the 76-m Lovell radio telescope at Jodrell Bank Observatory. The details of the observations and data
processing are presented in Rajwade et al. (2020). In this observing campaign, we detected 32 bursts from the source
(more details of the bursts including widths and fluences are presented in Rajwade et al. (2020)). Some bursts from
FRB 121102 are known to show unique emission characteristics in time and radio frequency. A number of authors
have previously tried to quantify this behaviour (see Hessels et al. 2019, and the references therein). So far, the most
common trait observed is the presence of multiple sub-bursts within a single event that drift downwards and to later
times as a function of observing frequency (the most obvious example in our sample can be seen in panel c in Figure 1).
In order to investigate similar spectro-temporal characteristics, we selected bursts whose signal-to-noise ratio was high
enough to reveal finer time-frequency structure at our minimum time resolution of 256 µs. We visually inspected this
sample and four bursts were found to show unique time-frequency characteristics. Firstly, we dedispersed the bursts
to optimize the structure as opposed to the signal-to-noise. In order to achieve this, we used the forward derivative
of the burst as a parameter to quantify structure. The dispersion measure (DM) which maximsed this parameter was
then used to dedisperse the data (see Gajjar et al. 2018, for details). We discuss each of the four bursts (see Figure 1)
in the section below.
BURST STRUCTURE
Burst 1
This burst shows three different components and unlike what has been seen for most drifting sub-bursts, all three
components span the entire frequency band. The trailing component is observed to be brighter at the lower end of
the band. The burst characteristics resemble those of single pulses seen in pulsars where multiple components of
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2a) Burst 1: MJD 57758.162, DM 558.429 pc cm^−3 b) Burst 2: MJD 57779.591, DM 560.450 pc cm^−3
d) Burst 4: MJD 57821.789, DM 560.262 pc cm^−3c) Burst 3: MJD 57798.872, DM 560.625 pc cm^−3
Figure 1. Four bursts from FRB 121102 from the Lovell observing campaign. Each burst exhibits different emission charac-
teristics in the dynamic spectrum. The bursts have been dedispersed to a DM that maximized the spectro-temporal structure.
the same pulse span the entire band (Beskin et al. 2015). These type of bursts are not very commonly observed
from FRB 121102 where multiple components (sub-bursts) are broadband with no evidence of drifting. Typically,
broadband bursts exhibited by FRB 121102 are observed to have a single component.
Burst 2
This is the most intriguing example in our sample. Two distinct bursts are seen here with the leading burst being
fainter than the main burst as seen in other examples of precursor burst from FRB 121102 (Hardy et al. 2017; Caleb
et al. 2020). However in this case the leading burst is only fainter by a factor of∼2 whereas other precursors seen from
the source tend to be much fainter (Hardy et al. 2017; Caleb et al. 2020). The separation between the precursor and
3the main burst is ∼17 ms. This is the shortest of any reported separation between two distinct bursts in this source;
so far they all tend to be separated by 20-40 ms (Cruces et al. 2020). There is also spectro-temporal structure evident
in both the precursor and the main burst. There are three components in the precursor with the trailing component
emerging in the lower part of the band similar to burst 1 while the main burst shows two components. It is unclear
whether these are: two completely different bursts, a precursor-main burst scenario like seen previously, or bursts that
are part of the same emission envelope. We note that burst B31 from Cruces et al. (2020) is 39 ms wide and those
authors speculate it might represent the full pulse envelope, although B31 does exhibit a couple of components.
Burst 3
The sub-burst drifting seen in this example is like those more commonly seen in FRB 121102 bursts; with two sub-
bursts clearly visible across the observing band. The sub-bursts span ∼300 MHz which is consistent with sub-bursts
seen at different telescopes at 1.4 GHz (Hessels et al. 2019). The leading component of the burst appears to broaden
at lower frequencies as it gets fainter but the lack of finer time resolution prevents confirmation of the same.
Burst 4
This burst clearly shows the emergence of a second component in the lower half of the band. The sub-burst behaviour
looks different compared to the drifting sub-bursts seen from the Arecibo telescope at 1.4 GHz (Hessels et al. 2019)
and resembles the trailing component of the precursor seen in burst 2. The burst also shares some similarities with
burst 11 in the sample of bursts from the wide-band MeerKAT telescope study Caleb et al. (2020). We do note that
the widest bandwidth sub-burst seen at 1.4 GHz spans 400 MHz (Hessels et al. 2019) and a wider observing bandwidth
would have led to a better classification of this burst.
SUMMARY
We have presented a sample of bursts from FRB 121102 that exhibit a rich variety in their spectro-temporal charac-
teristics. The diversity can be attributed to a number of factors including propagation effects like plasma-lensing (Main
et al. 2018) and the intrinsic emission mechanism of the source (Wang et al. 2019). The DMs of the bursts optimized for
structure are consistent with those measured from bursts detected with the Arecibo Telescope around the same time.
The diversity in these bursts shows the importance of continued follow-up of repeating FRBs to collect a statistically-
significant sample in order to provide stringent constraints on their origins. We provide the raw data for all of the
bursts that were detected in the Lovell Telescope observations. The data are available for download in ZENODO at
10.5281/zenodo.3974768.
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